Abstract. The effects of ceramic additions on the commercial aluminum alloy A356 used as anode for Al-air battery in alkaline electrolyte were examined by electrochemical tests, discharge and corresponding microstructure observations. The results indicate that the anodes with SiC or Al 2 O 3 additive showed high corrosion rate and low-anode efficiency and low-capacity density. Corresponding microstructures indicated that the various electrochemical behaviors are attributed to ceramic particulates which changed the eutectic precipitation distribution and introduced extra interfaces.
Introduction
Aluminum-air battery as a high theoretical energy density and capacity system has been considered to be an attractive power source since 1960s [1] . However, both passivation and self-corrosion of anode limit commercial application of aluminum-air battery.
The composition and structure of anode have a great influence on the properties of the battery. However, less attention was paid to the electrochemical behavior of aluminum alloy anodes with additives of ceramic particles. In this paper, the electrochemical behaviors of aluminum alloy A356 and its composites with SiC or Al 2 O 3 additives were investigated.
Experimental Procedures
The aluminum alloys were prepared by vacuum stir cast method. The casting alloys were subjected to T6 heat treatment. The A356 sample and its composites containing 5wt.% SiC oxidized at high temperature and 5wt.% Al 2 O 3 briefly named as alloy 1, alloy 2 and alloy 3 respectively.
In order to determine the electrochemical corrosion behavior, specimens were examined by electrochemical tests. After the open circuit potential (OCP) test with a test time of 2h, the electrochemical impedance spectroscopy (EIS) and anodic polarization curves were recorded. The full cell assembly follows ref. [2, 3] , and the efficiency and capacity density of anode were defined as ref. [4] .
Results and Discussions

Corrosion Behavior of Anodes
The metallographic images of the composites are showed in Fig.1 . As shown in Fig. 1 the gray constituent is eutectic structure of the matrix and the light gray constituent is α-Al. The dark gray particles in Fig.1(b) and (c) are SiC and Al 2 O 3 particles respectively. The interface between the particles and the matrix is clear and clean, the SiC and Al 2 O 3 particles are dispersed unevenly and mostly along the inter-dendritic region or grain boundaries, which obviously affect the eutectic precipitates with much larger size. The polarization curves of alloy 1, alloy 2 and alloy 3 are shown in Fig.2 , and the corrosion parameters of different anodes are listed in Table 1 . Alloy 2 and 3 both display more positive corrosion potential and higher corrosion current than alloy 1. The alloy 2 and alloy 3 exhibit much higher corrosion rate which indicates that the ceramic additions and their extra interfaces aggravate corrosion. The impedance spectra consist of Nyquist and Bode curves are shown in Fig.3 . The equivalent circuit [5, 6] for simulating is shown in Fig.4 , and the fitting results of impedance parameters are listed in Table 2 . The charge-transfer resistance R t increases in the following order: alloy 1< alloy 2< alloy 3. And the charge transfer rates of the alloy 2 and alloy 3 decrease. This is due to the fact that the inert ceramic particles SiC and Al 2 O 3 are separated directly from the reaction interface and do not participate in the galvanic reaction. It also can be seen that the oxide film resistance R film increases in the following order: alloy 1< alloy 3< alloy 2. The surface morphologies of the anodes after corrosion in 4M KOH are obtained by scanning electron microscopy. The results are shown in Fig.5 . Corrosion products covered the surfaces were observed, and the degree of surface coverage obviously different. The surface coverage of alloy 2 and alloy 3 are much lower than alloy 1. The surface morphologies of three electrodes after 1 h discharge are apparently different. In the case of A356 alloy (alloy 1), this layer is consisted of impurities, such as Si, Fe, Mg, O etc [7] . When 5wt.% SiC added in alloy 2, as shown in Fig.5(b) , much less inclusions occupies the surface, however SiC particles gathered as clusters along the inter-dendritic region, which are obviously related to the deep corrosion pits. The presence of SiC particles does not lead to galvanic corrosion at the matrix/particle interface [8] , so the deep corrosion pits formed on the surface might be related to SiC particles split off. The surface morphology of alloy 3 displayed in Fig.5(c) has the similar characteristics, which means both the composites containing SiC or Al 2 O 3 particles have the same corrosion behavior. 
Battery Performance
The anode discharge behavior of Al-air battery cell was obtained by the galvanostatic discharge test at the current density of 10 mA*cm -2
, as shown in Fig.6 . It should be noted the average discharge voltage of alloy 1, alloy 2 and alloy 3 are similar. Figure 6 . Discharge behavior of anodes at 10mA*cm -2 discharge currents. Table 3 summarizes anode efficiencies and the capacity densities. And the anode efficiency and capacity density are related to the loss mass and discharge current density. As shown in Table 3 , anode efficiencies and capacity densities of alloy 1 is the highest and the anode efficiencies and capacity densities of alloy 2 and alloy 3 is low. It is evident that the second phase (SiC and Al 2 O 3 ) significantly deteriorates the performance of the battery.
The SiC and Al 2 O 3 particles increase the corrosion rate and markedly affect the corrosion characteristics. The inert ceramic particles SiC and Al 2 O 3 do not participate in the galvanic reaction, however they obviously affect the microstructure of the composite and lead to larger eutectic precipitates. These characteristics might lead to more weight loss and poor discharge performance.
Conclusion
In the present study, the corrosion behavior and discharge performance of A356 aluminum alloy and its composites with 5wt.% SiC or Al 2 O 3 additives were studied. It shows clearly that SiC or Al 2 O 3 particles obviously increase electrode corrosion rate in static alkaline solution and negatively affects discharge performance for aluminum anode in Al-air battery. The microstructures show that the eutectic precipitates redistribution and extra interfaces induced by ceramic particles might be the reason to depress the anode behavior.
[2] D.A. Jones, Principles and prevention of corrosion, Prentice Hall, New York, 1996. 
